GC-MS enables the separation and identification of a wide range of metabolites, and when combined with stable-isotope techniques, it provides a very powerful tool for investigating flux of carbon (or nitrogen or oxygen) during energy metabolism and enables confirmation or indication of possible biosynthetic pathways. "C n.m.r. spectroscopy has been applied to the investigation of glycine metabolism in tobacco cell cultures (Ashworth & Mettler, 1984) and tobacco protoplasts (Neeman ct ul., 1985) . These investigations demonstrated that after prolonged incubation of cells with [2-"C]glycine, the C-2 of glycine was incorporated, in equal proportions. in both the C-2 and C-3 positions of serine; serine was the only 17C-labelled metabolite accumulated. We wished to confirm these observations by using the technique of gas chromatography--mass spectrometry (GC-MS) to analyse extracts of carrot cells incubated for 24 h with (i) unlabelled glycine, (ii) [I-"C] glycine and (iii) [2-13C]glycine. The cells were extracted and then fractionated by ionexchange chromatography before preparing trimethylsilyl (TMS)-derivatives of each fraction for analysis by G C MS, as described previously (Dunstan et ul., 1984) .
The mass spectra of glycine-tris-TMS derived from cell Abbreviations used: GC MS. gas chromatography mass spectrometry: TMS, trimcthylsilyl: THF. tetrahydrofolatc. extracts confirmed that [ 1 -"C]glycine and [2-"C]glycine were taken up by the carrot cells in the respective expcriments. The isotopic enrichment of the glycine present in the carrot cells was 66 and 67 at.% respectively compared with the 92 at.% enrichment in the glycine added to the medium. This represents a dilution of the added glycine with a glycine pool already present. Analysis of the m i i s spectra of serine-tris-TMS indicated that [ I-"Clserine was produced from [ I-"Clglycine. and [2,3-"C]serine was produced from [2-"C]glycine. as expected.
C-labelled ethanolamine was also detected (Tablc I ) and the distribution of label indicates that this compound was produced by decarboxylation of scrine (presumably as phosphatidylserine) formed from labelled glycine.
'7C-labelled glycine and serine were also detected in the hydrolysate (protein) fraction (produced by hydrolysis of the water-insoluble residue of the cell extracts) from both experiments (Table I ). This shows that about 20% of both the I7C-labelled glycine supplied, and the serine produced from it, were incorporated into cell proteins during the 24 h growth period.
Examination of the mass spectra of all the principal gas chromatography peaks also revealed no incorporation of "C-label into a large range of metabolites including the amino acids. alanine, /hilanine. 4-amino-I 1 Table I . C'onipounc1.s detected with "C-Icihel
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Unknown compounds 'F = 'free' or water-soluble fraction of the cell extracts; H = 'hydrolysate' fraction: formed by tOnly a very low lcvcl o f methionine was detected in this sample: there was no evidence of hydrolysis of the water insoluble rcsidue of cell extracts.
butunoate. glutamate, leucine, isoleucine, phenylalanine. threonine and valine; the organic acids glyoxylate, glycollate, oxalate, succinate, malonate, malate, citrate and glycerate; the fatty acids palmitate and stearate; the sterols campesterol, stigmasterol and sitosterol; the nitrogenous compounds urea, cytosine and uridine; and the poly-hydroxy compounds glycerol, a-glycerophosphatc. /I-glycerophosphate, 4-deoxy-arabinitol and quinate. "C-labelling was however detected in compounds whose biosynthesis includes either the incorporation of glycine or the methyl group from NS.'"-methylene-THF into the molecule. An increase in mass by 1 observed in adenine derived from cells incubated with [ 1 -"C]glycine, is consistent with the known mechanism for purine synthesis that involves the incorporation of the whole molecule of glycine ([ 1 -"C]glycine) into 5'-phosphoribosyl-glycineamide and the subsequent addition of two carbons from N',"'-methylene-THF. An increase in mass by 3 was observed in adenine derived from cells incubated on [2-"C]~lycine. This is consistent with the incorporation of [2-3C]glycine into 5-phosphoribosyl-glycineamide and the utilization of N'."'-methylene-THF formed from [2-'3C]glycine. to form 5-phosphoribosyl-N-formylglycineamide and 5-phosphoribosyl-5-formamido-4-imidazole carboxamide during adenine biosynthesis.
The "C-label was also detected in methionine from cells incubated with [2-'3C]glycine, and the methionine mass spectrum indicated that the label was in the methyl group derived from N'."'-methylene-THF.
I3C-labelling was also detected in each of three unknown compounds A, B and C (Table I ). The labelling pattern of A was similar to that of glycine, of B to serine, and of C to ethanolamine. A, B and C were only detected when excess glycine was added (producing excess serine and ethanolamine) and probably result from a detoxification reaction involving the substitution of a group of mass 45 for a hydrogen of the amino group.
These experiments indicated that the conversion of [2-I3C]glycine to [2,3-"C]serine occurred in carrot cells as demonstrated previously by n.m.r. in tobacco cells. GC-MS techniques were in addition able to show the exchange of '3C-labelled glycine and serine from the 'free pool' into proteins, and that the "C-labelled glycine and the N'.'"-methylene-THF formed from it were utilized in biosynthetic reactions.
We thank Dr. T. Slahas. Unilever Ltd.. Bcdford. for supplying us with the appropriately treated freeze-dried carrot cells. The main constituents of the extracellular matrix of cartilage are collagen and proteoglycan. Previous studies (Dickson & Maher. 1985) have shown that when growth cartilage from the proximal tibiotarsus of rachitic chicks was cultured with 1,25-dihydroxyvitamin D,, collagen resorption was increased and synthesis of collagen decreased compared with control cultures containing no hormone. I ,25-Dihydroxyvitamin D, also caused reduced collagen synthesis by cultures of normal chick growth cartilage but had no significant effect on articular or sternal cartilage from rachitic or normal chicks. 24,25-Dihydroxyvitamin D, also inhibited collagen synthesis by growth cartilage cultures but only at concentrations higher than were required for 1,25-dihydroxyvitamin D,. The present study was carried out to determine whether the effects on synthesis of collagen were accompanied by an alteration in proteoglycan synthesis. Pieces of cartilage, approximately 2-3 mm' across and I mm deep, were dissected from the middle of the proximal tibiotarsal growth plate of rachitic chicks aged 4 5 weeks. Cartilage was cultured on stainless-steel grids in a serum-free modification of BGJ medium at 37 C with a gas phase of CO,/air ( I : 19); the medium was replaced daily. The techniques of cartilage isolation and culture have been described fully elsewhere (Dickson & Maher. 1985) . For the last 2 h of culture the medium was replaced with fresh medium containing Na35S04 (lOpCi/ Abbrevintion used: CPC. cctyl pyridiniurn chloride ml). At the end of the culture period the cartilage was incubated twice for 5min at 37 C with I ml of 0.15 MNaCl containing 10 mM-NazSO,, washed twice with acetone, air-dried and digested at 65 C for 3 h with 1 ml of enzyme (0.1 ml of Sigma Type 111 papain in 10ml of 0.1 M-sodium phosphate, pH 6.5, containing 5 mM-EDTA and 5 mwcysteine. Virtually all of the tissue was solubilized by this procedure. Aliquots of the digest were analysed for DNA (Boer, 1975) and after hydrolysis (5.8 M-HCI, 18 h, 105 C), for hydroxyproline (Woessner, 1961) . T o 0.5 ml of digest supernatant was added 0.25 ml of 5% (w/v) aqueous cetyl pyridinium chloride (CPC) to precipitate chondroitin sulphate. After leaving at room temperature overnight the suspension was centrifuged (3000 rev./min, 5 min) and the residue resuspended in 0.5ml of 1 % CPC for 2 h before recentrifugation. The residue from this procedure was washed twice with 5% (w/v) CPC solution ( 1 ml), transferred to a scintillation vial with 2 x 0.1 ml of isopropanol, mixed with scintillant and j5S activity determined in a liquid scintillation counter.
Proteoglycan synthesis, as estimated by incorporation of "SO: into the CPC-precipitable fraction, was lower in 72 h cultures than in 4 h cultures (Table I) ; in contrast, collagen synthesis is sustained over this period (Dickson & Maher, 1985) . In the presence of 1,25-dihydroxyvitamin D, incorporation of "SO:-was reduced in 72 h cultures but not in 4 h cultures (Table I) . 24,25-Dihydroxyvitamin D, also caused reduced "SO: incorporation in 72h cultures; its effect was slightly less than that of 1,25-dihydroxyvitamin D,. In a separate experiment under similar conditions save for slightly modified conditions for radioactive labelling (2.5 pCi of Na~'SO,/ml; 3 h), no significant effect of vitamin D metabolites was observed Vol. 14
